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Abstract 
The concentration and biodiversity of airborne fungi of the Peenya Industrial Area, Bangalore 
city was studied for a period of one year from January 2011 to December 2011 by using 
Anderson two-stage viable sampler. The study was undertaken to assess the concentrations of 
fungal spores and their many health related  implication in this ever-busy environment. The air-
borne fungi of a total of ten fungal types were isolated, representing mainly 4 major genus 
Fusarium, Pencillium, Aspergillus and Cladosporium and the most widely occurring genus were 
Alternaria, Mucor, Curvularia, Phoma, Rhizopus and Neurospora identified from the samples. 
Majority of the fungi isolated are known allergens; they could also be opportunistic causing 
various diseases in man. Correlation and coefficient studies between the airborne fungal spores 
and seasonal variations were carried out. An attempt has been made to forecast atmospheric 
fungal spore concentration for Bangalore city. 
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Introduction 
ungi are a fascinating group of organisms associated directly or indirectly with everyday 
life of mankind. In nature fungi grow in diverse habitats in diverse ways [1]. Among the 
wide variety of biological particles present in the atmosphere, there are significant numbers of 
fungal spores [2]. Some fungi are prevalent throughout the year round and some species are 
seasonal. Concentration of fungal spores in outdoor environments is usually high, especially 
during the rainy season. Although many spore types are washed from the atmosphere during 
rainfall, other spore types only occur in rainy weather. The air is abundant in fungal spores, 
although it is not a good medium for growth unlike the soil, water, surfaces of living 
organisms and non-living materials [3]. Epidemiological and experimental evidence supports 
the relationship between occupational exposure to organic dust and lung disease, which is also 
associated to immunological and non-immunological responses. These health related 
problems have been reported in environments contaminated by organic dust generated from 
cotton, grain, wood chips, compost, animal food, household waste, house dust and among 
others [4-5]. However, due to the complex composition of organic dust, including antigens 
and toxins, it has been difficult to regulate for the component or components responsible of 
causing pulmonary health problems. At present, only dust and endotoxin concentrations have 
been considered for occupational safe levels [6].  
Researchers believed that, more than 80 genera of fungi are associated with symptoms of 
respiratory tract allergies [7]. Despite the fact that atmospheric air does not favor growth of 
microorganisms due to lack of nutrients, the microorganisms are present in aerosol form 
suspended in the air. Airborne microbial quantity and quality vary with the time of the day, 
year and location [8]. Various factors, such as the type of collection medium, the period of the 
day in which the collection of fungi takes place, the sampling frequency and duration as well 
as the identification process, influence the air-borne fungal monitoring [9]. In addition, the 
concentration of fungal spores in air is linked to the seasonal variation that affects numbers 
and types of airborne fungi [10]. The atmosphere and their concentration differed from place 
to place, local environmental variables, fungal substrates and human activities. At present 
there are numerous studies highlighting seasonal variations of fungi in outdoor environments, 
especially in industrial area frequented by a large number of people. Therefore studies on the 
concentration of airborne fungi as well as their seasonal variations in Peenya Industrial Area 
of Bangalore city was carried out.  
 
Materials And Methods 
Sampling site and time 
Peenya Industrial Area was a selected site for fungal sampling. This is situated in the centre of 
Bangalore city, with an elevation of 920m (3018 feet) above sea level and population of 6.5 
million (3
rd
 most populous and 5
th
 largest metropolis in India). Climate in winter temperature 
rarely drops below 12C and summer temperature seldom exceeds 36 to 37C, with an annual 
rainfall of 900mm. On an average basis one person inhales up to 10,000 crores of suspended 
particulate matter per year and a study on fungal population signifies the health aspect of 
people residing in this area. This study was conducted in a period from January 2011 to 
December 2011. Samples were collected on monthly basis for a period of one year 
respectively. 
 
Collection of Samples 
The international standard Anderson two-stage viable sampler was placed 1.5 m above the 
ground level [11]. Malt Extract Agar (MEA) was used as sampling medium. Air flow was 
28.3 L/min during the sampling and the sampling time was limited to 5 minutes. 
F 
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Treatment of samples 
The air samples plates collected were placed in an incubator for 5 days, then the colony count 
was recorded; the colony count was recorded again after 7 days. The results for each stage of 
the sampler were expressed as colony forming units per cubic meter of air (CFU/m
3
) and total 
concentration was obtained by adding the CFU/m
3
 from each plate. Identification of fungal 
colonies was made based on morphological and microscopic observations. 
 
Statistical analysis 
Data were statistically analyzed by using SPSS-16, 2007 version. Correlation was used for 
determining the coefficients between CFU/m
3
 and one way ANOVA was used for seasonal 
variation. The significant differences were expressed at 0.01% level of significance. 
Results  
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In one year of study a total of ten different fungal spores representing four major genus viz., 
Fusarium, Pencillium, Aspergillus and Cladosporium, whereas the most widely occurring six 
genus were Alternaria, Mucor, Curvularia, Phoma, Rhizopus and Neurospora were observed. 
During the period from January 2011 to December 2011, a total of 29773.4 CFU/m
3 
were 
trapped twice a month and the variations are as represented in the Table 1 
The variation in the monthly average concentrations occurring in different seasons was 
divided into three seasons summer from March to June, rainy from July to October and winter 
from November to February. The month-wise analysis of seasonal periodicity showed that 
during winter a highest concentration of 10694.06 CFU/m
3 
was recorded, followed by rainy 
season (9617.56 CFU/m
3
) and very less concentration is recorded during summer (9461.76 
CFU/m
3
).  
 
Table 2. Mean variation in fungal species with relation to different seasons 
 
Fungal Species Seasons Mean* SD* 
Alternaria sp. 
Summer 198.3000 161.91127 
Rainy 347.0250 171.73284 
Winter 148.7250 99.15000 
Total 231.3500 160.06080 
Aspergillus sp. 
Summer 382.4375 144.91129 
Rainy 506.3750 155.75561 
Winter 389.5175 162.11914 
Total 426.1100 151.77142 
Cladosporium sp. 
Summer 162.8900 62.81356 
Rainy 247.8725 129.56106 
Winter 527.6200 429.06098 
Total 312.7942 286.96210 
Curvularia sp. 
 
Summer 74.3625 94.92890 
Rainy .0000 .00000 
Winter 81.4450 63.73889 
Total 51.9358 71.03567 
Fusarium sp. 
Summer 764.8725 208.49138 
Rainy 690.5100 149.62179 
Winter 665.7225 215.12454 
Total 707.0350 180.32839 
Mucor sp. 
Summer 198.3000 161.91127 
Rainy 99.1500 114.48856 
Winter 347.0250 308.26988 
Total 214.8250 219.00231 
Neurospora sp. 
Summer 14.1650 28.33000 
Rainy .0000 .00000 
Winter .0000 .00000 
Total 4.7217 16.35633 
Phoma sp. 
Summer 35.4100 70.82000 
Rainy .0000 .00000 
Winter 49.5750 99.15000 
Total 28.3283 
67.25450 
 
Pencillium sp. Summer 485.1275 206.35607 
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Rainy 513.4575 92.79193 
Winter 439.0925 178.04280 
Total 479.2258 153.72541 
Rhizopus sp. 
Summer 49.5750 99.15000 
Rainy .0000 .00000 
Winter 24.7875 49.57500 
Total 24.7875 61.62981 
 
Another observation also made during these three seasons was that Fusarium, Pencillium, 
Aspergillus and Cladosporium exhibited maximum concentration in all the three seasons.  
Fusarium formed the bulk of the fungal spores with a contribution of 8484.42 CFU/m
3
, 
Pencillium - 5750.71 CFU/m
3
, Aspergillus - 5113.31 CFU/m
3
 and Cladosporium - 3753.54 
CFU/m
3
. Alternaria and Mucor species were present in  minimum concentration in all the 
three seasons while Curvularia, Phoma, Rhizopus and Neurospora species were absent during 
rainy season. The relationship between the fungal variation and distribution seasons is 
represented in the table-2 with mean ± S.D with one way ANOVA and Correlation-coefficient 
analysis significant at the 0.01 level of significance. The trials were done twice a month. 
 
Table 3. Correlations analysis for fungal distribution 
 
Fungal Species  
Alternaria  
sp. 
Aspergillus 
Sp. 
Cladosporium 
 sp. 
Curvularia 
 sp. 
Fusarium 
 sp. 
Mucor 
 sp. 
Neurospora 
 sp. 
Phoma 
 sp. 
Pencillium 
 sp. 
Rhizopus 
 sp. 
Alternaria sp. 
 
r 1 .046 -.140 -.187 -.144 -.425 -.065 -.427 .289 -.091 
P . .888 .665 .560 .654 .169 .841 .166 .363 .779 
N 12 12 12 12 12 12 12 12 12 12 
Aspergillus sp. 
 
r .046 1 -.342 -.169 -.540 -.150 -.355 -.418 -.133 -.235 
P .888 . .277 .600 .070 .641 .257 .176 .681 .461 
N 12 12 12 12 12 12 12 12 12 12 
Cladosporium sp.  
r -.140 -.342 1 -.242 .035 -.246 -.095 -.217 -.033 .034 
P .665 .277 . .448 .915 .441 .770 .497 .918 .916 
N 12 12 12 12 12 12 12 12 12 12 
Curvularia sp.  
 
r -.187 -.169 -.242 1 .099 .391 -.230 .092 -.202 -.262 
P .560 .600 .448 . .759 .209 .472 .777 .530 .410 
N 12 12 12 12 12 12 12 12 12 12 
Fusarium sp. 
 
r -.144 -.540 .035 .099 1 -.219 .497 .430 -.182 .210 
P .654 .070 .915 .759 . .493 .100 .163 .572 .513 
N 12 12 12 12 12 12 12 12 12 12 
Mucor sp. 
 
r -.425 -.150 -.246 .391 -.219 1 -.024 .572 -.025 -.033 
P .169 .641 .441 .209 .493 . .942 .052 .938 .919 
N 12 12 12 12 12 12 12 12 12 12 
Neurospora sp.  
r -.065 -.355 -.095 -.230 .497 -.024 1 .531 -.256 .887(**) 
P .841 .257 .770 .472 .100 .942 . .076 .421 .000 
N 12 12 12 12 12 12 12 12 12 12 
Phoma sp. 
  
r -.427 -.418 -.217 .092 .430 .572 .531 1 -.127 .431 
P .166 .176 .497 .777 .163 .052 .076 . .694 .162 
N 12 12 12 12 12 12 12 12 12 12 
Pencillium sp.  
r .289 -.133 -.033 -.202 -.182 -.025 -.256 -.127 1 -.101 
P .363 .681 .918 .530 .572 .938 .421 .694 . .755 
N 12 12 12 12 12 12 12 12 12 12 
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Rhizopus sp. 
  
r -.091 -.235 .034 -.262 .210 -.033 .887(**) .431 -.101 1 
P .779 .461 .916 .410 .513 .919 .000 .162 .755 . 
N 12 12 12 12 12 12 12 12 12 12 
 * Correlation is significant at the 0.01 level (2-tailed), r - Correlation co-efficient, P - P value,   N – Number of 
samples.1 
Discussion 
Almost all spores are equipped with features that make them cope with the stresses of survival 
and dispersal. For effective dispersal spores need to have properties that are related to those of 
the dispersal agency, which may be fluid, air, water or other organism [12]. The dispersal of 
fungal spores depends on some properties of the atmosphere and special features of the fungal 
spore. The major dispersal agent of fungal spores is wind, which can carry spores from long 
distances to a new area. Other dispersal agents include water, animals and even man. Studies 
of airborne microbial populations recognized as bioaerosols or bioallergens from outdoor 
environment are becoming increasingly important because of the adverse health effects 
associated with these distributions as people spend more time outdoor with increased 
urbanization and industrialization. The fungal spores are the pre-dominant allergens in air of 
indoor environment and have been regarded as detrimental in causing health hazards. 
Bioallergens are the main respiratory allergens with biological origin with reports of possible 
onset of respiratory disorders after hyper sensitization of various genera of fungi [13-15]. 
The results from the current study indicate that Fusarium, Pencillium, Aspergillus and 
Cladosporium are predominant genera in Peenya Industrial area of Bangalore city. The 
concentration of CFU changes significantly during the month and also varies throughout the 
year. This study gives a better understanding of airborne fungal population and variability in 
Peenya industrial area which would help us to regulate the pollution of Peenya industrial area 
to control fungal related diseases. Sampling and analysis of airborne microorganisms has 
received attention in recent years, with bio-aerosols contributing to a percentage of 5-34% of 
indoor air pollution [16-17]. Predominance of Aspergillus, Penicillium and Cladosporium in 
outdoor air is well supported by several studies [18-19]. Alternaria, Rhizopus, Mucor, 
Trichoderma, Chaetomium, specific genus of Yeast and Fusarium also are often reported in 
outdoor environment [20-21]. The presence of these strains that dominate according to the 
study seem to be chiefly involved in genesis of asthma, allergic alveolitis, headache, 
dizziness, ophthalmic problems, skin injuries, systemic disorders in gastro-intestinal tract, 
cardio-vascular, respiratory, nervous system and some types of cancer [22-23]. The 
concentrations and types of air borne micro fungi in the indoor atmosphere are affected by 
several environmental factors and as well as the meteorological parameters such as 
temperature, wind, humidity, and rainfall which affect largely, vary greatly the growth 
number (CFU/m
3
) of microbes with seasonal variations. The transport and the ultimate 
settling of a bio-aerosol are affected by its physical properties and the environmental 
parameters that it encounters. The environmental factors like magnitude of air currents, 
relative humidity and temperature determines the physical characteristics of aerosols like size, 
density and shape of droplets [24]. 
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